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Abstract. Different land cover types are related to different
levels of ﬁre hazard through their vegetation structure and
fuel load composition. Therefore, understanding the rela-
tionships between landscape changes and ﬁre behavior is of
crucial importance for developing adequate ﬁre ﬁghting and
ﬁre prevention strategies for a changing world. In the last
decades the abandonment of agricultural lands and pastoral
activities has been the major driver of landscape transforma-
tions in Mediterranean Europe. As agricultural land aban-
donment typically promotes an increase in plant biomass
(fuel load), a number of authors argue that vegetation suc-
cession in abandoned ﬁelds and pastures is expected to in-
crease ﬁre hazard. In this short paper, based on 28493 ﬁres
in Sardinia (Italy) in the period 2001–2010, we show that
there is no evidence of increased probability of ﬁre ignition
in abandoned rural areas. To the contrary, in Sardinia the
decreased human impact associated with agricultural land
abandonment leads to a statistically signiﬁcant decrease of
ﬁre ignition probability.
1 Introduction
Wildland ﬁres affect large areas and cause serious damage,
having ecological, social and economic consequences. Ev-
ery year roughly 45000 wildﬁres occur in Southern Europe
(Camia et al., 2008), leading to very high costs for ﬁre-
ﬁghting and prevention and for damages caused by ﬁre.
In the Mediterranean Basin, where most ﬁres are of hu-
man origin, ﬁre behavior is affected to some extent by the
different land use and land cover (LULC) types (Nunes et al.,
2005; Bajocco and Ricotta, 2008; Catry et al., 2009). This
is because, on one hand, ﬁre has been traditionally used as a
land management tool, e.g. for creating pastures or eliminat-
ing agricultural waste (Carmona-Moreno et al., 2005; Mor-
eira et al., 2009). On the other hand, different LULC types
are subject to different levels of human pressure and thus to
different levels of ignition risk related to anthropogenic ﬁres
of intentional or accidental origin (Bajocco et al., 2011).
From a biological viewpoint, as fuel availability and
ﬂammability are among the most important factors inﬂuenc-
ing ﬁre ignition and propagation, different LULC types are
related to different ﬁre behavior through changes in vege-
tation cover and structure, which are the only ﬁre-related
landscape variables that can be manipulated (Moreira et
al., 2011). Accordingly, understanding the role of LULC
changes in driving ﬁre behavior has become a major concern
for deﬁning landscape management guidelines and policies
aimed at reducing ﬁre risk and hazard.
In a recent review on landscape – wildﬁre interactions in
Southern Europe, Moreira et al. (2011) argue that LULC
changes that occurred in the last decades in Mediterranean
Europe have been generally increasing ﬁre hazard. This ef-
fect is mainly due to the increased cover of forests and shrub-
lands in areas with former lower fuel loads, like agriculture
or pastures (see Moreira et al., 2011; Pausas and Fern´ andez-
Mu˜ noz, 2012 and references therein).
Following Moreira et al. (2011), in this paper we will de-
ﬁne ﬁre risk or ignition risk as “the chance of a ﬁre starting
as determined by the presence and activity of any causative
agent” (FAO, 1986; NWCG, 2006) and ﬁre hazard as “a fuel
complex, deﬁned by volume, type, condition, arrangement,
and location that determines the degree of ease of ignition
and the resistance to control” (Moreira et al., 2011; Hardy,
2005).
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Accordingly, while ﬁre risk embodies a clear and simple
probabilistic/frequentistic concept (i.e. the chance that a ﬁre
might start, independently of how large the ﬁre will be), ﬁre
hazard is a more complex concept that is related to the po-
tential ﬁre behavior for a fuel type, thus including the prob-
ability that an ignition will result in a large burned area. In
this sense, as ﬁre hazard is, by deﬁnition, tightly connected
to biomass availability, the observation that the rural exodus
increases ﬁre hazard due to the increased fuel load in the
abandoned areas is not really surprising, adding little to our
knowledge on the inﬂuence of landscape change on ﬁre be-
havior. By contrast, in this short paper, focusing on ﬁre risk
rather than on ﬁre hazard, we argue that there is no evidence
of increased probability of ﬁres starting in Sardinia (Italy) in
the period 2001–2010 due to agricultural land abandonment.
2 Study area
The island of Sardinia is located between 38◦510 N and
41◦150 N latitude and between 8◦80 E and 9◦500 E longitude,
and covers roughly 24235km2 (Fig. 1). Sardinia is char-
acterized by a complex physical geography with a preva-
lently hilly topography and high heterogeneity in geolog-
ical and morphological features. The highest elevation is
1834m; average elevation is 338m. The climate is predom-
inantly Mediterranean, with the highest temperatures and
lowest rainfall in the summer months. Average annual rain-
falls range from less than 500mm along the coast to roughly
900mm in the inner mountainous regions. Mean annual
temperatures range from 11 to 17 ◦C. In the coastal areas
land cover is dominated by sclerophyllous shrubs, thermo-
mediterranean Quercus ilex forests, and agricultural lands
that cover about 45% of the island. Most urban areas are
located in the coastal zone. The inner regions host Quercus
ilex and Q. suber forests, together with pastures and shrub-
lands. Athigherelevationstheprincipalforestformationsare
mainly composed of meso-mediterranean deciduous oaks,
like Q. congesta and Q. ichnusae (Bajocco et al., 2010).
3 Materials and methods
To summarize landscape changes in Sardinia, we used two
CORINE land-cover maps of the study area (EEA, 2000)
updated for the reference years 1990 and 2006 (in the re-
mainder CLC1990 and CLC2006, respectively). By cross-
tabulation of the CLC1990 and CLC2006 maps, we gener-
ated a Boolean landscape change map containing the fol-
lowing categories: (i) vegetation regrowth (i.e. all polygons
that involve a transition from agricultural lands and pastures
to shrublands and forests with a potential increase in plant
biomass), and (ii) other. We included in the ﬁrst class all
landscape transitions between 1990 and 2006 from the agri-
cultural areas and pastures (CLC classes 2.1, 2.2, 2.3 and 2.4)
to forests (3.1) and shrublands (3.2.3, 3.2.4), together with all
Fig. 1. Location of the study area.
transitions, from natural grasslands (3.2.1) and shrublands to
forests. All these landscape changes are usually associated
with the abandonment of agriculture and pastoral activities,
and imply a regrowth of natural vegetation with a potential
increase in fuel load due to secondary succession.
From the ﬁre database of the Regional Forest Service of
Sardinia, we extracted the geographic coordinates of the ig-
nition points of all 28493 ﬁres that occurred in the study area
in the period 2001–2010 (Fig. 2). The ignition points were
then overlaid on the landscape change map and the number
of ﬁres N within the vegetation regrowth polygons was com-
puted.
To determine whether ﬁre risk (i.e. the number of igni-
tions) in the regrowth polygons is signiﬁcantly different from
random, we used the test developed by Bajocco and Ri-
cotta (2008). In summary, a distribution of N under the null
hypothesis of random occurrence of ﬁres across the land-
scape is generated by randomly reassigning 9999 times all
ﬁres to both Boolean land-cover classes, such that the prob-
ability of the assignment of each ﬁre to a given class is kept
equal to the proportional extent of that class. The value of
N is calculated for each randomization and P-values (two-
tailed test) are computed as the proportion of the N-values
obtained by randomization, which are either as extreme or
more extreme than the actual value of N. We also run the
same analysis on the subset of 14116 ignition points that oc-
curredintheregrowthpolygonsintheperiod2006–2010(i.e.
in a time window that is successive to all land cover changes
mapped).
Nat. Hazards Earth Syst. Sci., 12, 1333–1336, 2012 www.nat-hazards-earth-syst-sci.net/12/1333/2012/C. Ricotta et al.: No evidence of increased ﬁre risk due to agricultural land abandonment 1335
Fig. 2. Distribution of wildﬁres in the study area between 2001 and
2010.
4 Results and discussion
The amount of landscape change associated with agricul-
tural abandonment between 1990 and 2006 was equal to
882.88km2, which is roughly 3.64% of the island surface.
In the decade 2001–2010, the actual number of ﬁres, N, in
the regrowth polygons was equal to 714, which represents
2.51% of the total amount of ﬁres. Likewise, in the ﬁve years
2006–2010, the number of ﬁres in the regrowth polygons was
equal to 297 (i.e. roughly 2.10% of total ﬁre number).
In both periods, the actual number of ﬁres in the regrowth
polygons was signiﬁcantly lower than the corresponding
number of ﬁres expected under the null hypothesis of random
ﬁre occurrence (i.e. 1037 and 514 for the periods 2001–2010
and 2006–2010, respectively; P < 0.001 for both data sets).
That is, land cover change due to agricultural land abandon-
ment is associated with a statistically signiﬁcant decrease of
ﬁre ignition probability. The same results hold if we focus
solely on the regrowth polygons that originate from the CLC
classes like pastures, natural grasslands and shrublands that
are located in the more marginal areas of Sardinia, where
agricultural land abandonment, including the decline of pas-
toral activities, is more widespread (data not shown here).
Unfortunately, the positional accuracy of the ignition points
and the cartographic accuracy of the CORINE maps are both
unknown. While these ambiguities may of course alter the
strength of our results, we believe the results obtained are
clear enough, even in the absence of an accurate analysis of
data uncertainties.
While apparently contradictory, our results are comple-
mentary rather than opposite to the ﬁndings of Moreira et
al. (2011). Like in all regions where most ﬁres are of human
origin, in Sardinia ﬁre ignitions are mostly inﬂuenced by an-
thropogenic activities (Nunes et al., 2005; Bajocco and Ri-
cotta, 2008; Catry et al., 2009; Moreira et al., 2010; Coned-
eraetal., 2011). Therefore, asagriculturallandabandonment
is usually associated with decreased human pressure, not sur-
prisingly, this process will lead to a decrease in ﬁre ignition
probability.
Although this apparent contradiction between increased
ﬁre hazard linked to the rural abandonment and the re-
duced ﬁre risk linked to reduced human pressure was al-
ready hypothesized by Koutsias et al. (2010) and Moreira et
al. (2011), to the best of our knowledge, this is the ﬁrst time
that this effect is demonstrated with real data. As a rule of
the thumb, focusing on ﬁre risk at the rural/forest interface,
wherever land cover types of high human impact expand at
the expenses of the surrounding natural areas, ﬁre risk tends
to increase (see Lampin-Maillet et al., 2010); on the contrary,
wherever the natural vegetation colonizes areas of higher hu-
man impact, ﬁre risk is more likely to decrease (Guglietta et
al., 2011).
On the other hand, while ﬁre ignition is principally related
to human pressure, ﬁre spread is mainly controlled by differ-
ent factors, such as weather conditions, time lag until detec-
tion and intervention, topography and fuel (i.e. vegetation)
type. Bajocco and Ricotta (2008) and Pezzatti et al. (2009)
already emphasized the inﬂuence of vegetation type on ﬁre
size in Sardinia (Italy) and Ticino (Switzerland), while for
Portugal Moreira et al. (2010) found that larger ﬁres are more
likely to occur in shrublands and forests. Accordingly, across
the territory, the areas that experience the highest frequency
of ignitions usually differ from those where larger ﬁres oc-
cur (Moreira et al., 2010). As a result, due to the decreased
anthropogenic pressure, areas of agricultural land abandon-
ment are subject (at least in our case) to reduced ﬁre risk; at
the same time, due to the increased plant biomass and fuel
load, ﬁre ignitions in these areas are more likely to turn into
large ﬁres (see Bajocco and Ricotta, 2008).
To conclude, as ﬁre ignition and size are generally driven
by different factors, it is prudent to analyze these two com-
ponents of ﬁre behavior separately. We hope this suggestion
will contribute to the construction of a comprehensive
socio-ecological framework within the context of a complex
and plural assessment of ﬁre behavior.
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